Results
Of 1,125 forensic autopsies (808 males, 317 females) performed during the study period, 34 records (3.0%; 14 males, 20 females) indicated the use of antipsychotic drugs (32 were diagnosed schizophrenia, 1 schizoaffective disorder, 1 mental retardation). Of the 34 records, 28 (2.5%; 9 males, 19 females) indicated PTE as the cause of death and of these 28 subjects, 8 had taken antipsychotic drugs (29%); all were female, aged between 32 and 65 years (55±11).
According to the logistic regression analysis, female gender and antipsychotic drug use accounted for a significantly higher risk of PTE death with OR of 4.22 (95% CI, 1.82-9.78; p<0.01) and 10.49 (95% CI, 3.95-27.85; p< 0.01), respectively (Table 1) .
We further reviewed the records of the 8 subjects who had taken antipsychotic drugs (Table 2) . Seven had schizophrenia and 1 had schizoaffective disorder. Chlorpromazine or other phenothiazines had been prescribed in 6 cases, haloperidol and other butyrophenones in 5, and atypical antipsychotic drugs such as risperidone in 4. Seven had taken more than 2 antipsychotic drugs. Only 1 subject had a risk factor for thrombotic disease (collagen vascular disease) (Table 3) . Five demonstrated massive thrombus that filled the lumen of both pulmonary arteries, 3 demonstrated massive thrombus that filled the trunk of the pulmonary artery and pulmonary infarction was not seen in any of the 8 subjects. Five demonstrated thrombi above the knees, 3 did not. None had been confined to bed or had difficulty walking. Two of the patients died in the hospital after cardiopulmonary arrest, and 6 were already dead at the time of discovery. Anticardiolipin antibody concentration in serum, which was kept frozen at -80°C until tested, was investigated and all samples were negative.
Discussion
In the present study, 2.5% of all forensic autopsy cases investigated by the Department of Legal Medicine of the School of Medicine at Kitasato University died of PTE. According to a similar study of the Tokyo Medical Examiner's Office, 3 among 24,431 forensic autopsy cases in the past 10 years, from 1992 to 2001, the cause of death in 215 (0.88%, female/male ratio 118/97 or 1.25) was PTE and the annual number of cases increased gradually. In addition, the percentage of PTE cases in the total number of autopsies increased by up to 1% from 1999. 3 We had previously found a disproportionately high number of patients with PTE who had taken antipsychotic drugs among all patients with PTE treated at an emergency center (44%) 4 and in our present study, 29% of all cases of fatal PTE had an association with antipsychotic drugs. Another report has shown showed similar rates of occurrence to those in the present study 6 and in the Netherlands, Vandenbroucke et al reported that among 14,000 autopsy cases investigated at Leiden University, 27 (1.9%) were found to have PTE and of these 10 (37%) had taken antipsychotic drugs. 7 Thus, the association of PTE with antipsychotic drugs among all cases of PTE may be relatively high in countries with a lower overall incidence of PTE, such as the Netherlands and Japan.
The findings of the present study suggest that patients taking antipsychotic drugs have a higher risk for PTE, but an association of thromboembolic complications with conventional agents, including chlorpromazine, was suggested more than 20 years ago. 8, 9 Zornberg and Jick have also reported that low-potency antipsychotic drugs such as chlorpromazine and thioridazine were more strongly associated with venous thromboembolism than were highpotency antipsychotic drugs such as haloperidol, 10 and recently, thromboembolic complications have been reported with clozapine, an atypical antipsychotic drug. 7, 11, 12 In the present study, 7 of the 8 cases of PTE associated with antipsychotic drugs involved conventional antipsychotic drugs and 4 cases potentially involved atypical antipsychotic drugs such as risperidone or perospirone. Although half of the patients had taken atypical antipsychotic drugs, it was not possible to determine which type of antipsychotic drugs was more strongly associated with PTE. Mechanisms involved in the thrombotic complications associated with antipsychotic drugs, such as the lupus-like syndromes induced by phenothiazines or atypical antipsychotic drugs, have been suggested. 13, 14 However, Canoso and Oliviera followed psychiatric patients treated longterm with chlorpromazine in whom concentrations of antiphospholipid antibodies was elevated and could not find an increase in the incidence of thrombosis. 15 In our previous and present studies, anticardiolipin antibody could not be detected in the cases of PTE involving antipsychotic drugs. Atypical antipsychotic drugs have an affinity for the type-2A serotonin receptor (5HT2A) that is at least 10-fold greater than for the type-2 dopamine receptor (D2) 16 and it has been suggested that 5HT2A-induced platelet aggregation might be affected in patients receiving risperidone or clozapine. 4 The results of the present study also suggest that female patients have a higher risk for PTE because all the PTE subjects associated with antipsychotic drugs were female. Therefore, a hormonal effect should be considered. The most notorious hormonal adverse effect of antipsychotic drugs is hyperprolactinemia, which is mediated by the dopamine-blocking action of these agents. Wallaschofski et al suggest that hyperprolactinemia is an important novel risk factor for PTE in patients on antipsychotic drugs and that the thrombogenic effect is mediated through enhanced platelet reactivity. 17 This adverse effect is also seen in male patients, but is more marked in female patients. 18 Unfortunately, we did not examine the prolactin concentrations in the present study and we wish to further investigate the hormonal effects in cases of PTE associated with antipsychotic drugs.
In the present study, 7 of the 28 PTE subjects suffered from schizophrenia and therefore the risk for PTE of schizophrenia itself should be considered. Kaiya et al have reported that it is associated with increased platelet aggregation, 19 but other reports suggest there is an increased risk for PTE for patients with schizophrenia who are taking conventional antipsychotic drugs, including chlorpromazine, than for those who are untreated. 9, 20, 21 Zornberg and Jick demonstrated that antipsychotic therapy, including the atypical drugs, may increase the risk for PTE by an OR of 7.1, but that schizophrenia alone did not. 10 
Conclusion
In Japan, female patients taking antipsychotic drugs may have an increased risk for PTE.
